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Abstract – Introduction. Bissap (Hibiscus sabdariﬀa L.) is a common plant in the tropics. In Senegal, the calyces
are used to make a popular juice. In the food industry, small and medium-sized enterprises (SMEs) are responsible
for the transformation of bissap calyces into drinks, concentrates, jam, etc. In spite of the very low pH of the juice
(pH < 3), problems of contamination and fermentation are often observed in the final products post-pasteurization.
They are mainly due to Pseudomonas spp., E. coli, Klebsiella spp. and Pichia opuntiae. To solve this issue, monitoring
of the microbial ecology was performed during the full process of bissap products. Methods and results. Fresh calyces
and dried mixed calyces of the two varieties of Hibiscus sabdariﬀa (‘Koor’ and ‘Vimto’), as well as juice samples, were
collected at every stage of the processing of a bissap drink and syrup in a Senegalese SME. The monitoring of microbial
flora was performed by using molecular fingerprinting. The molecular technique PCR-DGGE was employed to evaluate
the microbial dynamics using bacterial 16S rDNA, yeast 26S rDNA and 28S rDNA mold profiles at each critical stage of
the process. Results and discussion. The genetic profiles generated contributed to identifying the critical points in the
manufacturing processes. A multivariate analysis based on the presence or absence of spots in the denaturing gradient
electrophoresis gels (DGGE) showed that the microbial flora (bacteria, yeasts, molds) of bissap evolved during the
following phases: harvest (fresh flower), drying (dried calyces) and processing (before filtration, after pasteurization and
before packaging). Conclusion. Our work contributed to determining the microorganisms responsible for the microbial
contamination of the final products, and highlighted the origin of these contaminants. The most important critical point
was identified as the pasteurization step.
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Résumé – Application de la PCR-DGGE à l’étude de la dynamique et de la biodiversité des contaminants
microbiens au cours de l’élaboration des boissons et des concentrés d’Hibiscus sabdariﬀa. Introduction. Le bissap
(Hibiscus sabdariﬀa L.) est une plante répandue sous les tropiques. Au Sénégal, les calices sont utilisés pour élaborer
une boisson populaire. Dans l’industrie alimentaire, les petites et moyennes entreprises (PME) sont responsables de la
transformation des calices de bissap en jus, en concentré, en confiture etc. En dépit du très faible pH du jus (< 3), des
problèmes de contamination et de fermentation sont souvent observés sur les produits finaux après pasteurisation. Ils
sont principalement dus à Pseudomonas spp., Escherichia coli, Klebsiella spp. et Pichia opuntiae. Pour résoudre ce
problème, un suivi de l’écologie microbienne a été réalisé au cours du processus complet d’élaboration des produits
du bissap. Matériaux et méthodes. Des échantillons de calices frais et de jus ont été prélevés à chaque étape de
l’élaboration industrielle du jus et du sirop de bissap. Le suivi de la flore microbienne a été eﬀectué en utilisant des
empreintes moléculaires. La technique moléculaire de PCR par électrophorèse en gradient de gel dénaturant (DGGE)
a été utilisée pour évaluer la dynamique microbienne en utilisant des profils bactériens d’ADNr 16S, d’ADNr 26S
de levures et d’ADNr 28S de moisissures à chaque étape critique du processus. Résultats et discussion. Les profils
génétiques générés ont contribué à identifier les points critiques dans les procédés de fabrication des boissons. Une
analyse multivariée basée sur la présence ou l’absence de spots sur gels DGGE a montré que la flore microbienne
(bactéries, levures, moisissures) du bissap a évolué au cours des phases suivantes : la récolte (de fleurs fraîches), le
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séchage (calices séchés), et le traitement (avant la filtration, après la pasteurisation, et avant l’emballage). Conclusion.
Notre étude a bien contribué à déterminer les micro-organismes responsables des contaminations microbiennes des
produits finaux, et à souligner l’origine de ces contaminants. Le point critique le plus important du processus industriel
a été identifié comme étant l’étape de pasteurisation.
Mots clés : Sénégal / bissap / Hibiscus sabdariﬀa / contamination alimentaire / micro-organismes / PCR-DGGE /
sécurité sanitaire des aliments
1 Introduction
The various parts of the Hibiscus sabdariﬀa L. plant are
used in human food, in pharmaceuticals, and in the food-
processing and textile industries [1]. Calyces constitute the
most used part in the food-processing industry [1]. They are
used in the manufacturing of thirst-quenching and tonic drinks,
concentrates, jams, powders, etc. [1].
The origin of Hibiscus sabdariﬀa is unclear because
for some it is a native of the region covering India and
Malaysia [2], while others argue that it is in Central
America [3], and a third group says Hibiscus sabdariﬀa comes
from tropical Africa. Hibiscus sabdariﬀa is named diﬀerently
in diﬀerent African countries: bissap in Senegal, sorrel in
Guinea and kakardé in North Africa [1, 4].
In Senegal, two types of Hibiscus sabdariﬀa are found: the
green and red types. The green type is mainly used as a condi-
ment in sauces (calyx) and as vegetable leaves in food [6, 7].
The red type, used mainly for juices, includes four varieties:
‘Koor’, ‘Thai’, ‘CLT 92’ and ‘Vimto’.
The artisanal processing is mainly carried out by women
associated with Groups of Economic Interest (GIE) [8]. The
industrial production of bissap calyces is mainly done by the
company Setexpharm (study and exploitation of vegetables for
pharmaceutical uses), based in Dakar [8].
Drinks and concentrates made of Hibiscus sabdariﬀa are
very appreciated in Senegal because of their nutritional wealth
and therapeutic virtues assured by certain physical, chemical
and biochemical constituents [1]. The microbiological quality
and the stability of the drinks and concentrates depend par-
ticularly on the quality of the raw materials, the formulations
and the diﬀerent technological steps (pasteurization, presence
of additives, final pH) [9].
Our purpose was to monitor the microflora of contamina-
tion during bissap drink and concentrate processing, to esti-
mate microbiological critical control points and to improve
the quality and safety of products. For that purpose, the PCR-
DGGE, a molecular global method of analysis of the micro-
bial DNA, was used to follow the various microbial microor-
ganisms (bacteria, yeasts and molds) at the various stages
of the bissap transformation into the drink and concentrate.
This method is based on a one-step PCR followed by elec-
trophoresis on denaturing gradient gel, which permitted ana-
lyzing DNA amplicons of the same size extracted from the mi-
croorganisms (bacteria, yeasts, molds) present in all samples.
The amplicons of interest were then sequenced to identify the
microorganisms.
2 Materials and methods
2.1 Diagnosis of manufacturing processes
Diagnosis was made with the consent and full cooperation
of the company. It was conducted by a team of two people.
Their role was to monitor all stages of the process from the
raw material to end product.
2.2 Physical and chemical analyses
All reagents used were of analytical grade and were pur-
chased from Sigma (L’Isle d’Abeau, France). Some physico-
chemical parameters were measured in the finished products
(drink and concentrate) of Hibiscus sabdariﬀa using standard
methods: titratable acidity, pH and dry matter [10]. Total titrat-
able acidity was determined with a TitroLine Easy titrator
(Schott Instruments, Mainz, Germany), using 0.1 N NaOH so-
lution. The pH value was determined using a calibrated pH
meter and dry matter was determined by drying a 5-g sam-
ple at 105 ◦C up to constant weight (24 h minimum). To-
tal soluble solids (TSS) content was measured with an Abbe
refractometer (Atago, Tokyo, Japan). Total anthocyanin con-
tent was assessed by the pH diﬀerential method at pH 1.0 and
pH 4.5 [11]. The total phenolic content was determined with
Folin–Ciocalteu reagent, according to the method optimized
by George et al. [12]. Total and reducing sugars were deter-
mined using the Luﬀ–Schoorl method [13].
2.3 Sampling for analysis by molecular biology
Fresh fruits of the varieties of Hibiscus sabdariﬀa L.
var. Koor and Vimto were collected in the plantations of
Niayes in the Dakar region in Senegal. Then, in a Senegalese
SME, samples were taken at every stage of processing of the
bissap into drink and syrup: the raw material, drink and syrup
before filtration, after filtration, sweetened, pasteurized and
conditioned (figure 1). Sampling consisted of fresh fruits of
var. Koor and Vimto, and the dried mixture of both varieties
collected in sterile Stomacher bags, by sampling carried out in
50-mL Falcon tubes at all stages of the process and 250-mL
bottles of the packed final products. Samples were frozen in
Senegal and carried by the author by plane to Montpellier (8 h)
and kept frozen at −20 ◦C until analysis.
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Figure 1. Logic flow in the process of bissap drink/juice (Hibiscus sabdariﬀa L.).
2.4 PCR-DGGE methods
2.4.1 Extraction of microbial DNA from bissap samples
Two g of fresh fruits or dried bissap were weighed asep-
tically and placed in sterile tubes of 50 mL containing 10 mL
of sterile peptone water. For other liquid samples, the samples
were directly put into sterile tubes of 50 mL. Tubes were ho-
mogenized for 30 min. 2 mL of the supernatant were shared
between two Eppendorf tubes of 2 mL containing 3 g of glass
beads from 425 to 600 µm (Sigma, France). Tubes were vor-
texed for 2 min, and then centrifuged at 12,000 g for 10 min
(Thermo Scientific, USA). The pellet was dissolved in 300 µL
of lysis buﬀer (2% Triton X-100, 1% SDS, 100 mM NaCl,
10 mM buﬀer pH8, 1 mM EDTA, pH8) and incubated for
5 min at room temperature (25 ◦C) in 100 µL of lysis buﬀer
TE (Tris-HCl 10; 1 mm EDTA, pH 8, Promega, France)
and 100 µL of solution of lysozyme (25 mg mL−1 Eurobio,
France) were added to the tubes, which were left for 5 min,
then 100 µL of proteinase K solution (20 mg mL−1, Eurobio,
France) were added to each tube and they were incubated at
42 ◦C for 20 min. Then, 50 µL of 20% SDS (sodium dodecyl
sulfate, Sigma, France) were added to each tube and the tubes
were incubated at 42 ◦C for 10 min. A volume of 400 µL of
MATAB (Mixed Alkyltrimethyl Ammonium Bromide, Sigma,
France) was added to each tube and the tubes were incubated
at 65 ◦C for 10 min. Lysates were then cleaned by repeated ex-
traction with 700 µL of phenol/chloroform/isoamylic alcohol
(25/24/1, V/V/V Carlo Erba, France), and the residual phenol
was eliminated by extraction with an equal volume of chlo-
roform/isoamylic alcohol (24/1 V/V). DNA was precipitated
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in isopropanol and 30 µL of sodium acetate (3 M, pH 5),
then stored at −20 ◦C overnight. The DNA was washed with
ethanol 70%, and then dried by air at room temperature. Fi-
nally, the DNA was put in suspension in 100 µL of ultra-
pure water and kept at 4 ◦C until analysis. The extractions
of DNA were made according to the protocols of El Sheikha
et al. [14, 15]. All the experiments were done in duplicate.
To control the DNA quality, migration on agarose gel elec-
trophoresis was done. For that purpose, 5 µL of DNA was
mixed with 2 µL of orange blue dye and analyzed on a 0.8%
agarose gel. The gel was plunged into a TAE 1X buﬀer (40 mM
Tris-HCl, pH 7.4, 20 mM of sodium acetate, 1.0 mM Na2-
EDTA (Eppendorf, Germany)).
After migration at 100V for 30 min, the gels were dipped
for 15 min in a solution of ethidium bromide, then rinsed with
some distilled water for 5 min, and finally observed under
UV using the GelSmart 7.3 software (Clara Vision, Les Ulis,
France). The photos were taken by an integrated camera (Scion
Co., USA).
2.4.2 Analysis of the microbial flora by PCR-DGGE
(Denaturing Gradient Gel Electrophoresis)
A PCR was carried out on the DNA microbial extracts.
The final volume was 50 µL and it consisted of 5 µL of 10X
Buﬀer (Promega), 3 µL of MgCl2, 1 µL deoxyribonucleotide
triphosphates (dNTPs) and 10 µL of primer solution (0.2 µM).
The primers were GC-338F (5´-GCG CCG CCG CGC GCG
GCG GGC GGG GCG GGG GCA CGG GGG GCA TCC
TAC GGG AGG CAG CAG-3´, Sigma) and 518R (5´-ATT
ACC GCG GCT GCT GG-3´, Sigma) for bacteria [16]; GC-
U1 (5´-CGC CCG CCG CGC GCG GCG GGC GGG GGG
GTG AAA TTG TTG AAA GGG AA-3´, Sigma) and U2 (5´-
GAC TCC TTG GTC CGT GTT-3´, Sigma) for molds [15]
and GC-NL1 (5´-CGC CCG CCG CGC GCG GCG GGC GGG
GCG GGG GCC ATA TCA ATA AGC GGA GGA AAA G-3´,
Sigma) and LS2 (5´-ATT CCC AAA CAA CTC GAC TC-3´,
Sigma) for yeasts [14]. Taq polymerase (Promega) 0.25 µL,
1−5 µL DNA and 15.75−19.75 µL pure water (5 PRIME
Gmbh, Hamburg, Germany) were added. The mixture was de-
posited in a PCR plate covered by Parafilm. The plate was
put in a thermocycler (Bio Rad, USA). The amplification was
done at first by denaturation of the DNA at 94 ◦C for 3 min,
hybridization at 55 ◦C (bacteria) or 52 ◦C (yeasts) or 50 ◦C
(molds), then polymerization at 72 ◦C for 30 sec and a final
extension at 72 ◦C for 5 min. A total of 35 cycles were carried
out.
The amplifications obtained by PCR were verified by clas-
sic electrophoresis on a 2% agarose gel with a TAE 1X buﬀer
as an eluent. After migration at 100 V for 30 min, the gels were
stained in an ethidium bromide solution and quantified by us-
ing a standard of DNA of 100 pb (Promega). PCR amplicons
were analyzed by DGGE by using a system of detection of
universal mutation (Bio Rad Dcode TM, USA) using the pro-
cedure described by El Sheikha [14]. 30 µL of amplicon PCR
was deposited in 8% (p/v) polyacrylamide gel then eluted in a
TAE 1X buﬀer.
The gels were submitted to electrophoresis at 20 V for
10 min then 80 V for 12 h as regards bacteria and yeasts [14],
whereas for molds, 20 V for 10 min and 80 V for 16 h were
needed [14]. After electrophoresis, the gels were colored for
30 min in an ethidium bromide solution and rinsed in distilled
water for 20 min then photographed on a UV transilluminator
with the Smart Gel 7.3 system (Clara Vision, Les Ulis, France).
2.4.3 Purification and sequencing of DGGE bands
Some discriminate bands that persisted at all stages of the
process were extracted from the DGGE gel and put into Ep-
pendorf tubes with 100 µL of TE, and stored at 4 ◦C overnight.
The tubes were incubated at 37 ◦C for 1 h. A volume of 50 µL
of cleansed DNA and 250 µL sodium acetate was mixed in an-
other tube. One mL of ethanol 100% was added to each tube
and the tubes were incubated at −20 ◦C for 30 min. The tubes
were then homogenized for 15 min and the DNA was washed
with 500 mL of 70% ethanol for 5 min. The tubes were dried
by air at room temperature and finally, the DNA was put in
suspension in 25 µL ultra-pure water.
The cleansed DNA was sent for sequencing to GATC
Biotech (Germany). Sequencing was performed on each of
the duplicate PCR products’ discriminate cut strips. The se-
quences obtained were aligned by means of a software se-
quence scanner (Sequence Alignment Editor Version on 1.0)
following ClustalW Multiple Alignment [17].
2.4.4 Statistical Analysis of the images obtained by DGGE
Images of gels were straightened and aligned by using the
ImageQuant TL 7.0 software (GE Healthcare, USA). This soft-
ware allowed identifying bands and their relative positions.
Data analysis was done by using the Dice coeﬃcient of simi-
larity (SD), which is calculated according to the formula [18]:
SD = 2Nc/Na + Nb (1)
where Na is the number of bands detected in the sample A,
Nb is the number of bands detected in the sample B, and Nc is
the number of bands common to both samples.
The index of similarity is expressed between 0 (totally dis-
similar) and 100 (perfect similarity). Cluster analysis was per-
formed using the similarity matrix to group samples according
to their similarity index using Primer Version 6 software.
3 Results and discussion
3.1 Determination of sampling points during
manufacturing processes
Diagnosis of several processes permitted us to establish the
flow sheet (figures 1 and 2). Sampling points were: fresh ca-
lyces, dried calyces, bissap extract before filtering (after soak-
ing and manual separation of calyces and water), after filtration
(with a 1-mm sieve and then 0.1 mm in diameter), after formu-
lation (adding sugar: 135 g L−1 for juice and 1.2 kg for syrup),
after pasteurization (80 ◦C for 20 min) and after conditioning
of Hibiscus sabdariﬀa extract in plastic bottles by operators
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(80 °C for 20min)
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CONDITIONING (PACKAGING) in plasc boles
 COOLING of boles in basins ﬁlled with water
Figure 2. Logic flow in the process of bissap syrup (Hibiscus sabdariﬀa L.).
Table I. Physical, chemical and biochemical characteristics of the finished products produced from the calyx of bissap (Bechoﬀ, Cissé et al.
2014) [20].
pH Total Soluble Solid Titratable acidity Total sugars Reducing sugars Anthocyanins expressed Polyphenols
g 100 g−1 mEq L−1 g 100 g−1 g 100 g−1 as delphinidin-3- mg L−1
xylosylglucoside mg L−1
COI 2.49 ± 0.07 15.71 ± 0.52 148.6 ± 1.02 13.13 ± 0.53 11.28 ± 0.07 107 ± 2.28 639 ± 36.9
COS 2.62 ± 0.29 16.93 ± 2.49 49.78 ± 0.44 17.39 ± 0.08 14.91 ± 0.54 60 ± 1.88 218 ± 13.28
COI: commercial ordinary infusion; COS: commercial ordinary syrup.
using equipment disinfected by bleach (100 ppm of chlorine)
for 30 min, rinsed, drained and then dried. The stages of the
transformation methods were almost identical to those already
described [8, 19].
3.2 Physico-chemical and biochemical composition
of the finished products of Hibiscus sabdariffa
The hibiscus beverage pasteurized at 80 ◦C for 20 min had
pH, total acidity, anthocyanins and polyphenols with higher
values than the syrup pasteurized at 105 ◦C for 20 min (table I).
The degradation of organic acids and polyphenols including
anthocyanins could be explained by a more severe pasteuriza-
tion treatment for hibiscus syrup because the time to reach its
boiling point was longer [20]. These results are consistent with
those of Cissé et al. [8], who said that anthocyanins were af-
fected by temperature.
The amounts of total soluble solids and total and reducing
sugars were higher in syrups because the sugar added to ca-
lyces was higher for the syrup than for the beverage. During
heating some disaccharides such as sucrose can be hydrolyzed
into monosaccharides or reducing sugars such as glucose and
fructose [21].
3.3 Analysis of PCR-DGGE profiles
The microbial diversity during the manufacturing process
of juices and concentrates of bissap was studied by using the
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PCR-DGGE profiles obtained from the DNA microbial ex-
tracts (bacteria, yeasts and molds) extracted at all the stages
of the bissap process (figure 3). Every vertical column repre-
sents a stage of the process and every spot represents a species
of microorganism. The bands that were persistent in all stages
of the process and those who were discriminative were cut and
sequenced. In figures 3a, 3b, 3c the names of microorganisms
obtained by sequencing of the bands of interest are shown.
The separation of amplicons was good during the migra-
tions (figure 3) and the microbial diversity evolved diﬀer-
ently during the process according to the type of flora. As
regards bacteria (figure 3), certain species such as Agrobac-
terium tumefaciens were present on fruits of var. Koor but ab-
sent on var. Vimto and on the dried calyces. The microbial
ecology of the bissap process was very complex. On the fresh
calyces, certain bacteria of the environment such as Agrobac-
terium tumefaciens were found. They are usually responsible
for gall disease in vegetables. This bacterium was also found
by Bouzar et al. [22], who showed that the fruits in tree nurs-
eries of Algeria were infected by this germ and the most af-
fected botanical species were peach tree, almond tree, cherry
tree, apple tree and olive tree.
On the other hand, other species such as Klebsiella sp. and
Pseudomonas spp. were present on both varieties of fruits but
disappeared during drying. For other stages of the processing
(the drink before filtration up to the packaged syrup), a similar
bacterial population consisting among others of Pseudomonas
spp., Escherichia coli, Staphylococcus haemolyticus and Kleb-
siella sp. were noted at all the process stages before and after
pasteurization. This demonstrates the obvious lack of hygiene
of the staﬀ and the factories.
For yeasts, the species Aureobazidium pullulans was found
on both varieties of fruits but disappeared during drying. On
the other hand, Pichia opuntiae persisted in the drink after pas-
teurization but disappeared in the manufacturing process of the
concentrated juice (figure 3). The yeast Aurobazidium pullu-
lans was found on the fresh calyces and Pichia opuntiae was
noted at certain stages of the processing (sweet drink), which
could lead to fast alcoholic fermentation. Indeed, Pichia pre-
sented a high fermentative activity when it was in the presence
of strong concentrations of sugar. The catabolism of sugars by
microorganisms was accomplished by a variety of metabolic
pathways. Yeasts, as a group, are more homogeneous with re-
spect to sugar catabolism than bacteria [23].
The study of the fungal population showed the presence of
Aspergillus carbonarius and Penicillium viridicatum at all the
process stages (drink and concentrate) as well as Aspergillus
niger and Aspergillus tubingensis, which appeared at certain
stages (figure 3c). The presence of molds of the genera As-
pergillus and Penicillium was noted at all the stages of the
processes. They were described as saprophytes and could also
be responsible for the production of some mycotoxins when
storing the calyces. These mycotoxins were found on certain
plants such as coﬀee, corn, dried grape, etc. [24]. All this mi-
crobial ecology found in the bissap processing was very simi-
lar to that described in grape berries [25].
Figure 3. DGGE gels of various sampled bissap materials: (1) Fruit
variety Koor, (2) Fruit variety Vimto, (3) Mixed dried calices,
(4) Drink before filtration, (5) Drink after filtration, (6) Sweet
drink, (7) Pasteurized drink, (8) Packaged drink, (9) Syrup af-
ter filtration, (10) Sweet syrup, (11) Pasteurized syrup, (12) Pack-
aged syrup in bottle. 3a (top). Detection of bacterial DNA: a:
Staphylococcus haemolyticus (99% KF 696713); b: Escherichia
coli (100% AM 117601); c: Klebsiella sp. (99% JX 178708); d:
Agrobacterium tumefaciens (100% KF577530); e: Pseudomonas sp.
(100% KF 601936); f: Acidovorax sp. (100% KF 577530). 3b (mid-
dle). Detection of yeast DNA (sample number 12 is not present on the
gel because of amplification problem): A: Aureobazidium pullulans
(91% JQ 418404); B: Hanseniaspora opuntiae (99% KF263957);
C: Pichia opuntiae (100% EU 762030); D: Hanseniaspora uvarum
(100% EU 441886). 3c (bottom). Detection of mold DNA: M: As-
pergillus carbonarius (99% AY 540944); N: Penicillium viridicatum
(100% JN 121817); P: Aspergillus tubigensis (94% KC 806053);
R: Aspergillus nomius (98% GQ 221261); S: Aspergillus niger
(CET 2091, control strain).
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3.4 Analysis of similarity of the dynamics
of microorganisms during the various stages
of bissap processing
The typological analysis of the profiles of DGGE gel of
bacteria, yeasts and molds for the samples of bissap during
various stages of processing showed several types of group-
ings of microbial communities according to the stage of the
process (figure 4). The analysis of the dendrogram of bacteria
(figure 4a) showed several groupings, with 54% of similarity
between bissap fruits of the var. Koor and Vimto, and 25.4%
of similarity between these groups and dried bissap. The bac-
terial ecology was very dynamic during the process. The re-
duction in the bacterial species on dried calyces (mixture of
both varieties) was due to microbial mortality during drying.
These results were consistent with those of coﬀees, where the
number of bacteria was abundant on cherries, stable during
the process, then halved during drying [24]. The bacterial flora
found at the level of various stages (before filtration until pack-
aging) presented similarity varying from 84.2% in the group
of the sweet drink and pasteurized drink compared with the
group of the sweet and pasteurized syrup. 100% of similarity
was noted between the drink and the conditioned syrup. The
appearance of new species at these stages was certainly due
to the material, the staﬀ and the working environment. This
permitted concluding the existence of re-contamination after
pasteurization. The lack of staﬀ hygiene, unwashed equipment
and also environmental contamination could be responsible for
this phenomenon.
The dendrogram of yeasts (figure 4b) also revealed sev-
eral groupings, with 80% of similarity between fruits of the
varieties Koor and Vimto and 40% of similarity between this
group and the dried bissap. The drying logically decreased the
number of yeast species from 80 to 60%, as was observed for
bacteria. This could be explained by the fact that drying re-
duced the moisture from 86 to 16% for good preservation of
calyces [8]. During other stages of the process, 100% of simi-
larity was obtained between the sweet and pasteurized drinks.
This showed that sugar favored the proliferation and/or the ap-
pearance of new species of yeasts that stayed thermostable dur-
ing pasteurization. Certain yeasts degrade simple sugars by an
oxidative process that leads to the production of water, carbon
dioxide and a large quantity of energy responsible for their life
growth and multiplication. Other yeasts transform sugars into
alcohols. Yeasts can thus degrade the taste of the final prod-
ucts. Although the yeasts, like molds, were present in large
number on the surfaces of fresh fruit, they do not have mech-
anisms to invade plant tissues, and are, therefore, secondary
alteration agents [26].
The fungal population (figure 4c) had a very similar evo-
lution to yeasts, with 85.7% of similarity between ‘Koor’ and
‘Vimto’, which also had 25.7% similarity with the dried bis-
sap. The drying also decreased the fungal flora. During other
stages of the process (before filtration until the conditioning),
there was not much change in the fungal flora and the simi-
larity of the species varied between 80.3 and 100%. The aci-
dophilus character of yeasts and molds could justify much
of their proliferation (pH < 4), in extracts of hibiscus sab-
dariﬀa that are naturally acidic. Fungal strains were certainly
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Figure 4. Quantitative evolution of the various microbial flora on all
stages of production of Hibiscus drinks and syrups. Bissap koor: bis-
sap fresh calices variety koor; Bissap vimto: bissap fresh calices va-
riety vimto; Bissap séché: dry mix of calices from two varieties of
bissap; BavtF: beverage before filtration; BapF: beverage after filtra-
tion; Bsucrée: sweety beverage; Bpast: pasteurized beverage; Bcond:
package beverage; SiapF: syrup after filtration; Sisucré: sweety sirop;
Sipast: pasteurised syrup; Sicond: package syrup.
not involved in the process but were contamination from the
environment.
The analysis of the three dendrograms showed a disparity
of the microbial contaminants among three big phases: harvest
(two varieties of fresh fruit), drying (dried calyces) and dur-
ing the other stages of transformation (processing) of the drink
and concentrate. Most of the microbial flora decreased during
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the drying but were very dynamic in the other stages (before
filtration until conditioning). However, the presence of mi-
croorganisms after pasteurization showed that either the pas-
teurization was ineﬀective, or the product was re-contaminated
after the heat treatment by the staﬀ and the deficient processes
of putting the products into flasks.
In fact, these sanitary practices are often lacking during
the craft processing of fruits and vegetables in Senegal. The
craft processing of bissap in the city of Maroua in Cameroon
was often done in worse hygienic conditions than in Senegal,
and the products obtained were of bad sanitary quality, which
disadvantages their sale on the standardized markets [27].
4 Conclusion
PCR-DGGE was an eﬀective analytical method which al-
lowed following the microbial ecology during the processes of
bissap transformation. The statistical analysis of the similar-
ity showed the existence of cross-contamination of products
with microorganisms of environmental and/or human origins.
These contaminants can be responsible for grave sanitary dis-
orders (Escherichia coli, Staphylococcus haemolyticus). They
lead to problems of preservation of juices or the concentrates
over time, or to the appearance of unpleasant tastes. In all
cases, they will be a significant loss of income for the compa-
nies of this sector. These contaminants could be mastered with
the implementation and application of good hygienic practice
and manufacturing, and the establishment of the HACCP sys-
tem on all the production line.
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